Index terms -Wave scattering, integral equations.
the standard coupled surface integral equation formulation has reduced computation time and storage requirements by only determining the equivalent current densities for one region; unfortunately, it still requires the simultaneous solution of a linear system involving nearly all the interfaces [3] .
It has long been known that the problem of wave scattering can be formulated theoretically in terms of only a single unknown source density on each surface. These are the so called single integral equations [4] - [6] . A good survey of available related literature can be found in [5] . A recent investigation of wave scattering by a system of multiply-connected dielectric cylinders has shown a single integral equation formulation to be substantially more computationally efficient than the coupled electric field integral equation [6] . In this paper, we construct a single integral equation for the problem of wave scattering by an arbitrarily layered dielectric structure by employing a recurrent analysis [41 based on determining successively the distribution of the single surface current source from one interface to the next. The proposed method is a true region-by-region method in the sense that the number of unknowns of the linear system solved at each step is no larger than the number of unknowns on the respective interface.
ANALYSIS

A. The Physical Problem
Consider the transverse magnetic (TM) illumination (i.e. Hz = 0 ) of the arbitrarily layered dielectric cylinder whose cross section is shown in Fig. 1 . The electromagnetic field has only a z-component of the electric field intensity, E , which satisfies a homogeneous Helmholtz equation
in each homogeneous region V i , where r is the position vector, k , = w f i j is the wave number, ei and pi are the permittivity and permeability of V i , respectively, and w is the frequency of the incident field. A time harmonic dependence exp(jwt) is assumed and suppressed. The tangential components of the electric and magnetic fields are continuous across
AH,(r) = 0, r e Si,
where the tangential magnetic field component is expressed in terms of the normal derivative of the electric field as 1 aE j a p a n .
H , = -- (4) The total electric field in the surrounding free-space region V , is the sum of an incident field and a scattered field,
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B. Single Integral Equation Formulation
Formulation of a recurrent, region-by-region single integral equation for the wave scattering problem of Fig. 1 is accomplished by considering an equivalent "local" scattering problem in each homogeneous dielectric region Vi, i = 1,2, . . .) n . That is, we express the actual field in Vi as the sum of a "local" incident field, which is a particular field generated by a single layer of electric current distributed on the surface S i , and a "local" scattered field, which is the perturbation of the local incident field due to a single layer of current on the inner surface Si+, (in V, there is no local scattered field). Fig. 2 shows the three regionally equivalent problems: for the innermost region, for an arbitrary layer, and for the free-space.
Beginning with the core cylinder V, (see Fig. 2 (a)), we note that it contains no internal scattering body and, consequently, no local scattered field. Thus, the actual field E in V, is comprised solely of the local incident field E r " , which is generated by the electric surface current J , on S, , (7) such that
(8)
where Hf) is the Hankel function of the second kind and order zero, r and r' are position vectors of the field point and source point, respectively, and R = Ir -r'l . The fact that E r " is let unconstrained outside the region of interest is the foundation on which all single integral equation formulations are based; i.e., if Er' were required to vanish outside V, , then coupled distributions of both electric and magnetic surface current would be required on S, in order to construct a valid equivalent problem [ 11.
Throughout the following analysis, we are interested in developing integral operators that express the tangential components of the actual electric and magnetic fields on the surface Si, i = 1,2, ..., n , only in terms of a single distribution of current J j on that same surface, i.e., 
We refer to Ef" and 9 4 7 as the exclusive operators for the surface S I . They can be expressed in terms of the surface integral operators 'Ee and : < defined from where the left-hand side superscripts and subscripts p and q indicate the field surface and the source surface, respectively, the right-hand side subscript provides the index of the material constants k j and pi in V i , the right-hand side superscript indicates the nature of the source current (e-electric. m-magnetic), Je is an equivalent electric current density, and (12) contains the principal value of the integral. For the surface S , , E: and H: are written in a trivial manner as 
In the local scattering problem for an intermediate cylindrical layer Vi (see Fig. 2(b) 
unconstrained, r E V , i.
(16)
I O'
The local incident field in V i is expressed in terms of only J i and is written in operator notation as
where we have used (1 1) omitting the left-hand side superscript in order to indicate that the field point is not necessarily located on any particular surface. Similarly, we use the operator notation to express the local scattered field in V i generated by the equivalent electric and magnetic current densities on the scattering surface Si+, , f where I is the unity operator and :$ is the principal valued surface integral operator that provides the contribution to the electric field due to a tangentially directed magnetic current 
J (r) = E(r)-0 = Er:lJi+l, r e Sl+l.
face current Je nor the magnetic current J m , rather it is the unknown single source surface current in the equivalent problem for V, . Finally, the equivalent exterior free-space problem (see Fig.  2(c) ) is formulated in terms of a known incident field ElnC and an unknown scattered field 2 ' whose sum yields the actual field E in the free-space region V, , yet vanishes everywhere inside S, , i.e.,
The scattered field in V, is given by (17) with i = 0 . Enforcing the null field constraint of (26) immediately inside S, , while expressing the equivalent sources Je = H , and Jm = E in terms of the single unknown source density J , by means of (10) and (9), respectively, provides an integral equation for the single unknown source J 1 ,
Having determined J , , the free-space scattered field is obtained as (see (17) Note that the single source currents J i , i = 2, 3, ..., n , are interested in the interior fields in which case they are between the single current densities on successive interfaces,
where the transformation 'perator Li+l is by have not been determined; nor do they need to be unless we solving the integral operator equation The recurrent single integral equation algorithm presented above was implemented in a simple method of moments code. The cross sections of the cylindrical surfaces are discretized into curved segments over each of which the unknown single source current is assumed constant. Our surface integral operators are thus transformed into matrices where the number of rows and the number of columns are given by the number of segments on the field surface and on the source surface, respectively.
By employing this recurrent, region-by-region algorithm, the size of each matrix to be inverted only depends on the number of segments of the corresponding contour Si rather than on the total number of segments of all the contours in the system. As a practical example, we compute the bistatic radar cross section (RCS) of a circular dielectric cylinder of radius al , to which we successively add concentric circular dielectric layers of outer radii a 2 , a 3 , and a4 (as indicated in Fig.  3) . The cylinder is illuminated by an incident transverse mag- accuracy is achieved by both methods with each contour discretized into 64 segments. As shown in Fig. 4 , the computational effort required for the SIE solution progresses linearly as the number of layers is increased while that required for the EFIE increases as the cube of the number of layers.
IV. CONCLUSION
An efficient single integral equation method is formulated for the solution to the problem of transverse magnetic wave scattering by an arbitrarily layered dielectric cylinder. The method presented also applies to dielectric coated conductors with only minor modifications. The key elements of the formulation are the linear relationships between the unknown single source currents Ji and J i + on successive interfaces, and the exclusive operators which represent the fields on each surface Si in terms of only a single equivalent current J j on that surface. The method is highly efficient as compared to the classical coupled, double source surface integral equations, as well as to volume integral equation methods [2] and to hybrid momenvfinite volume techniques [7] .
